ferritin. Performance characteristics were as follows: sensitivity 1.5 milliunits/L, 4.5 ig/L, and 4.5 .tg/L, respectively; intrarun precision 1.7, 9, and 3.4%, and interrun precision 7.6, 13, and 14.5%. All three assays were clinically validated. 
normal values
One of the most critical problems in the development of a radioimmunological test (1) is the choice of a separation method. This part of the procedure is largely responsible for the quality of the assay, because it should completely separate free antigen (F) from bound antigen (B), without disturbing the equilibrium, while remaining independent of such factors as pH, ionic strength, or protein concentration of the incubation medium.
To broaden the usefulness of the CENTRIA System (Union Carbide Clinical Diagnostics, Rye, NY 10580), we developed a new separation method that is independent of the size and charge of the antigen to be tested. This method is based on the use of a second antibody covalently attached to a solid phase (Sepharose 4B), which, after coupling, is freeze dried, and made into tablets for ease of handling in the instrument. The new separation method was used in radioimmunoassays for thyrotropin (thyroid stimulating hormone, TSH), alpha-fetoprotein (AFP), and ferritin. Table 1 . Subsequently, the reagents are delivered into the 36 positions of the transfer disc ( Figure 1 ) according to the pipetting scheme shown in Table 2 .
Materials and Methods
Incubation. The reagents are mixed in the incubating/ separating module by low-speed centrifugation, either at the end of the pre-incubation(inthe caseof TSH) or immediately afterpipetting. Table 3 shows the incubation sequences for the three assays.
Separation.
At the end of an incubation, separation of fractions B and F takes place in the Incubator/Separator (Figure 2 The separation process is started by accelerating the turntable to the first and, a few seconds later, to the second speed at which the incubates are transferred onto the columns. The tablets, once submerged, disintegrate quickly and their gel begins to swell rapidly, taking up all the liquid of the incubation mixture. After 10 mm of contact, the reaction between first and second antibodies is completed, and elution buffer is pumped on the spinning transfer disc, which distributes it evenly to the columns. The hydrophobic barrier of the column frits breaks when a certain amount of liquid has been delivered. The gel is rinsed and the free fraction is eluted, while the bound fraction stays on the columns. 
Results

Analytical Variables
Standard curve. The assays are carried out in duplicate. Table 4 shows the characteristics of the average standard curves obtained for the three assays. The limits of sensitivity expressed as (B/Bo) = 95% are: 1.5 milliunits/L for TSH and 4.5 ig/L for both alpha-fetoprotein and ferritin. The nonspecific binding on the solid phase approximates 2% for TSH and alpha-fetoprotein, and 6% for ferritin.
Precision.
The intra-and inter-run precision of the assays was determined (Table 5) .
Accuracy.
The recovery was calculated by adding known quantities of antigen to a normal human serum. The range is between 80 and 112% (Table 6 ). The effects of dilution of elevated samples were checked in the three assays by using a low-value human serum as diluent and subtracting its value subsequently ( Table 7) .
Clinical Results
TSH. Sera from patients whose clinical status was known to be normal, hypo-, or hyperthyroid were tested (Table 8 ). The assay was also used to measure TSH after stimulation with thyroliberin (thyrotropin-releasing hormone) in patients who had received200 g ofthyroliberin intravenously. Figure   3 shows the TSH response during this test at various times for a normal and a hyperthyroid subject.
Alpha-f etoprotein.
The range of normal values was determined with 217 normal sera from a blood bank. The mean value is 6.7 g/L, with a standard deviation of 3.5 g/L. The range of normal values (mean ± 2 SD) extends from 0 to 14 g/L. In 15 patients with hepatomas, the values ranged from 1.0 to 72 mg/L, with an average value of 27 mg/L.
The alpha-fetoprotein test is mainly used for diagnosis of diseases of the central nervous system in the fetus (4). The average values found at different stages of pregnancy are shown in Table 9 .
Ferritin.
Normal values were determined separately for men and women. For 103 women a mean value of 38 g/L was found, with a standard deviation of 29 g/L, and for 158 men the mean value was found to be 89 gfL, with a standard deviation of 84 g/L.
Discussion
The performance characteristics of the TSH, alpha-fetoprotein, and ferritin assays, and the clinical results obtained, prove that the new separation technique is perfectly suited for these analytes. The relative molecular masses being respectively 25 000, 65 000, and 450 000, we may assume that this separation method is independent of the molecular mass of the antigen to be assayed. Providing a separating medium in a solid tableted form eliminates many problems associated with the use of wet gel columns. The high concentration of second antibody in the solid phase and the close contacts with the liquid brought about by the swelling process reduce the reaction time to 10 mm. Use of the solid-phase double-antibody technique in the CENTRIA System obviates the need for shaking, centrifuging, and washing, which make the manual application of the technique rather tedious. The tablet technique also allows for easy adaptation of other suppliers' reagents to the instrument and has been proven for radioimmunoassays for somatotropin, lutropin, follitropin, and prolactin. The application range of the CENTRIA System has therefore been broadened to a large number of assays, and most restraints as to the nature or origin of the reagent systems have been removed.
